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ABSTRACT

This thesis presents the switching power supply improvement, which are normally
operated at high frequency. For switching power supply, the higher frequency consequences the
smaller and lighter equipment. However, operation at high frequency requires more often
operation of switching equipment and generated more losses. This is the limitation of switching
power supply. This thesis presents the method for reducing the losses by switching the switch at
zero voltage using design technique of suitable size of inductor series with power transformer of
full-bridge converter. The series inductor is de'signed to be able to store the energy enough to
make zero voltage across the switching equipment. The inductance of the inductor is calculated
by computer program. The 1000 watts 60 volt full-bridge switching power supply using zero
voltage switching technique is built and tested. The test results show that the design criteria give
the actual switching at zero voltage when operate the tested equipment at more than half of rated

power.
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A) TYINULTIAUAIUNALYT (100 Vidiv,2us/div)

65



66

n)

V)

3N 5.5 dygrunnszTuan 10.75 % (107.51 watts)
n) Ay uMUuNt (200 V/idiv,2us/div)
v) dyanunszuadmlyugi (4 Adiv,2us/div)

A1) dYNUUTIAUAIUNALNT (100 V/div,2us/div)



n)

V)

|

JUN 5.6 dyaunnsenan 19.23 % (192,32 wats)
L g v o ‘ 5
n) AYYIISIAUATUIFUNN (200 V/div,2ps/div)
) dyanunsziamulyugil (4 Adiv,2us/div)

A) FIMUTIAUAINAYT (100 V/div,2ps/div)

67



3N 5.7 dygrunnse Tnan 48.96 % (489.60 wats)

a

n) Ty IUUIIAUMUTUYT (200 V/div,2us/div)

(7]

V) Ay unssuaalgugl (4 A/div.2us/div)

o o

A) TYINUTIAUAIUNAONT (100 V/div,2us/div)



n)

)

1l

f)

n

3UN 5.8 dryanannig: Inaa 59.90 % (599.00 watts)

]

n) T Iaussausuauni (200 V/div,2ps/div)

€

) FyanmnIzuaduyugil (8 Adiv.2us/div)

f) TYRBUTIAUAIUNALYY (100 V/div,2us/div)

69



S e e Ty e ———Ty e ———

3N 5.9 dyaaunmszTnan 71.76 % (717.60 watts)
n) Ty IMLIIAUAILIUNN (200 V/div,2ps/div)
o 4 a . = o
V) dyunszuanulyugil (8 Adiv,2us/div)

A) TYIVUUTIAUAIUNAONS (100 V/div,2us/div)

70



)

T TR " T T T Ty €

f)

3N 5.10 Ty iunngTnon 89.40 % (894 watts)

h

=2

) dyn s IAuAguni (200 Vidiv,2us/div)

€

v) dyanunszuadulyugil (8 A/div,2us/div)

[

) AU IMUTIAUAIUNAOYT (100 V/div,2us/div)

-

71



A U A e ek

)

fl)

a o < s - "
JUN 5.1 dyrwiniseTvan 101.15 % (1011.50 waus)

s L

N) TYIUUTIAUAUYTUNN (200 V/div,2ps/div)
) dyanunssuaulyuni (8 A/div.2us/div)

as o

) AYNIULTIA

€

= <

uAUNALNG (100 V/div.2us/div)

W



1|

1)

A 0 V4 0 i 0 0 e e 0 i o bt e S b e

3 5.2 dygyiuimuesoanszuadueivm
) NANILINan 4.24 % (42.42 watts), 50 V/div.2us/div)

¥) NANIE1INAR 7.67 % (76.71 watts), 50 V/div.2us/div)



———

o

3N 5.12 (o) dynaiidiulesBoanszuadiuoniyn
A1) nan1azlvaa 10.75 % (107.51 watts), 50 V/div,2us/div)

1) N1z Inan 13.48 % (134.85 watts), 50 V/div.2us/div)

T e g g e g e

a)
E



i

=
n

S

13 Ty eiFILIINTDUTIAUAIDINNN
) Nan1z 1van 4.24 % (42.42 watts) , 1 V/div,2us/div)
¥) NN INanA 10.75 % (107.51 watt), 1 V/div 2us/div)

) N1z Ivan 19.23 % (192.32 watts), 1 V/div.2us/div)

’
N
!
[




)

o
"

=)

/ a o s
1N 5.14 dygrunszuaasdudunnuoinounesines
n) NNz 1Man 4.24 % (42.42 watts), 4 A/div.2us/div)

U) Nern12z 1van 13.48 % (134.85 watts), 4 A/div,2us/div)

f) Nern12z 11an 29.15 % (291.49 watt), 4 A/div 2pus/div)



U 5.14(60) dygrunsziEns W BURNYDIABUIBS DS
3) Nern1az Tvan 48.96 % (489.60 watts), 4 A/div.2us/div)
) NANIZ INaA 71.76 % (717.60 watts), 8 A/div,2us/div)

%) nan1nz Ivana 101.15 % (101.15 watt), 8 A/div.2us/div)

-~
~J



78

il
’

A 1 v 1 1 ) q‘ o e s
5.2 WamsnageummaquaazanIzvemtaIng IuuuaIa¥iadininuns g
o
U
= ¢ d4 v 4 v iAo
A1519N 5.1 HARIHANTNATDUYVDINOUIDIADT NAI NUNTZNOUAILAINTATIN
Fy a o a a = | = " Y "lry\] 4
audunmuaziomyn Iawseu asstunn mnszualiasdunn musaauIasuem
! o 1 o ' o w Y - o & 1)
wn uazanszua ldasaeniny hai lddnnammdmas lihdmsuyniazdids i
> = ' o o w
Moy uanhamsaeananlszantnm Inmsnadounanzan o 11 awy
@ A a g =1 a ar 4 ' ' [ o o
wazdsiimvasmseaatiulosisudvesiname i hoaemsdunamsn/asunlas uaz 1ai
" ' = =] [ v a L4 = -
muaazgatoyaumlSouioviuias ihdnmeminn Tuglvesnsmawaalugdi s.s
931N 5.20

ar. el id vy = Q. = ¢y Qs
9:3 r-lafn‘i‘nmra‘ugﬂn‘nﬂﬂ’Jmﬁuwuﬁﬂlmlmmmﬂ"lﬂLiﬂﬂﬁ)ﬂﬁidﬁ’;ﬂ‘ﬂﬂlﬁdﬂ‘u

J
fue

= v W @ Ve o 4w ¢ w
'gTIJ“ﬂ §.15 L{"Llﬂ'iWJLLﬁﬂQﬂ'ﬂUﬁHWUﬁitﬂTNﬂ1ﬁ~1m1ﬂ7!ﬂﬂ'ljﬂ'i$uﬁiﬂ"m‘l‘!ﬂ ONHIUD

Vv
= =

£ o a ar v i Vv a -5
Lﬁ‘uﬂ‘i”IV]‘V'ILﬂWU‘NlJ’dﬂngﬂﬁ)u‘ﬂNLﬂulﬂuﬂN Tmmwumwummix
o v o TAT AT o @ @ o @ )
Eﬂ‘ﬂ 5.16 L“ﬂuﬂi1“1‘1[Ll\ﬁﬁﬂﬂ’3'lllﬁilwu‘ﬁ'i$ﬂ’J'Nﬂ"lﬁ&m"ﬁ‘]?‘!‘ﬂﬂ'llll‘iQﬂulﬂ’mwﬂ anyuziauns

@ @ '

a = v Ao o VAR BT A A
ﬁlﬂﬂ;.lqull ﬂymzuﬁwumﬂﬂ’nus&mmmHuﬂmﬂﬂ’aﬂﬂluvmzuﬂmumﬁz umﬁammmix

[l
o a o 4

o o 2 EY {1 %9 e o 4 ' w Ao o
uIIRUIMNNNaAa Bl ud A ﬂuﬁa‘nwﬂﬂmwmmmgmzmmmﬁaﬂuﬁmwuﬂmﬂﬁau
= I=! s w o " o '3 as = @
3N 517 WunsMueaRInNUAURLSIZHINMAUOMNNAUNTLUTDUNN aNYLY
¥ 4:; = dy o o ' ¥ Y A d"
wWunsmninavuilianyuzaoutadudunse Taomuiuauuanse

- w a d ' o a 3 o o a o
z'ﬂh 5.18 ﬁlum‘Muﬂmmmnuwuﬁ'jw3Nmaammwwm}u§aﬂuaun'n anve

v
=

3 o a a w ' 9 < Vv
Lﬂ'uﬂﬁ'I“V‘j‘ﬂ!ﬂﬂ‘llullﬁﬂ}dﬂlﬁﬂﬂ”ﬂl‘l%ﬂulﬁuﬂﬁi Iﬂﬂﬁﬂﬁs‘lﬂ"lll‘llﬂ']ﬂﬂTiz
a @ e ' o & o @ o w a @
307 5.19 iWlunsuassnudniutseniuidueiwnduidsdunn dnumedu
' ¥
nsmiAatulanuazaoudnuihudunss
= _ o w d ' o @ '3 o a a 4
E‘I.hﬂ 5.20 l‘ﬂLlﬂ'iiﬂllﬁﬂiﬂTlllﬁll'W'Ll'ﬁ'iﬁﬂ')’l\‘lﬂ'mdlinﬂﬂaﬂﬂ'ﬂﬂ'i3ﬁﬂ'ﬁﬂ17‘lﬂﬂ‘l—ll'}ﬂi
o o 9 o a :g a o @ 9 " 9 g ' a d“’ '
213k ﬁﬂ'ﬂmzlﬁuﬂi’I‘N‘Iﬂlﬂﬂ‘uuﬂﬁﬁﬁﬂﬁﬂ1“‘um35un‘|5$Hﬂﬂﬂ1ﬂﬂﬂﬂ‘1ﬂ~1ﬂ". um:mwuqmﬂ

80% AATUNTL 20%VDINNAILDINAA



79

L8°08 Lozl 60'% 08'$0€ 0$° 1101 §68 00°L1 sIiol Ll
8708 6801l 09°¢ 0T'L0E 00'P68 968 00°1 0’68 0l
0L'€8 cELSs LLT 05'60€ 09°L1L 865 00T 9L'IL 6
s ¥S60L BT'E 0T 1€ 00°66< 665 00°01 06'6S 8
81'v8 T9'188 98l 0L'TIE 09'68¥ 009 91’8 968t L
Ay STESE zhl 0p's1E 6v'16T 1'09 S8y S162 9
[¥'18 A4 14 §L0 0lLIg TET6! 1'09 0T'¢ €76l s
66'SL PYLLI 950 00'81€ S8PEl 09 vT'e iy v
8€°€L 1S9¥1 9%'0 0$'81€ 1s°L01 v'09 8Ll SLOI 3
99'89 L $€°0 0T'61€ LL'9L v'09 4 | LYL Z
8009 19°0L o 0S61€ wTy 909 0L°0 vy _
(%)£QVILALINAY | (M)UIHE | (VIultne | (Aultne |(aukuter | (Aufnier | (vukuier | (%)zeLu
MLUSURREN oLy BIIzEU B Ll BELY HBRLT RIZEU | BALICRMT | BLY

m@m?ﬂﬁ?m@waﬂwﬁanw:c_uFGPE@E@@;S@ﬂkccgw@&dw@ﬁdSQGF@CGSerGx 'S WBLELL
£ p » ] e = £ mp mop A &




80

00<1

0001

008

00t

WHULGILTIZLUMUUIULLRTERLUBLLHACIRMILRILLUMLELY ST'S WE

00t

01

cl

14

91

81

ML:LL@?DHZ.EU

b

(l}rt@n)u,



81

00¢I

0001

008

(BBt uhuLeipLy

009

WIULETFEL LIMUUILULEIERLUBLLUACTUMIIILLUMLEY 91°'S WL

00¥

00¢

v'68

9°66¢.

865

009

09

09

909

809

]

M‘LALBTT’LUDEN

b

(PQCL)M,



00¢1

0001

008

(BBL)uituLemnuLy

009

00t

D0 RIZLUMUUIALAIEBLUBLEUACUIMIIILEUMLEY LT'S WLE

00

S0

01

Sl

0C

L

0¢

ge

0y

St

(ELN@??)DC]EH:SU



00¢I

0001

008

(BBL)uitiuLeioLy

009

00t

DA MBBLIMUUMULEIRBLUBLE UBELMIIILLUMLEY 8T°S WLE

00¢

P0¢

80€

483

gle

0Te

Pt

(or)oanyeer



84

D BULUMBUIULEIEILUNLE M ZCAMIIANLLBMLEY 61°S WE

(But)uiuLenvLy

00TI 0001 008 009 00+ 00¢ 0

0

00t

007
wn

009 De
)
L

008 g
3a

0001

00T1

00v1



0001

008

LOVILOLIFLOUNLUMLULUBRE[LLUUILALOIEBLUBLE HACUMITNILLBMLEY 07'S WLE

(BBL)ulucenoLy

009

00%

002

*
L

0¢

ov

09

08

001

o

(%)£QUILELIHRUBLUMLLLUY



=
UNN 6

L a QT a d = o d
asdwamanaaeusvasngliuuvainiaiaynus saugug

uraaie Iuvuadadadidegs Undunasns uadagegsh nunnnutuams
a P dy 3 o ¥ s = 7 o a d? i o Y = )
muanudgruiui eglnsaimsadasiinuungave  dawwai liinamsgap oy
a o S vy a A A & oa L
AINFUINTY Bl UV naUAadnIe IWuUVATIAF NN UTANNVEIITOVBIHAINIY
a a o = = =y d = Yo @
Tlupuaiass wldimswoeweamsgaudovnzaiag  Taowoowldiamvowsmunio
nszuaiiniosiigalunandeiiu Mildweveshasgudeiinasnnaguusaununizual
" W - ) w A Ay a = . o P
Mrosas MInazlnaeusnunIenszuaiaiosnga lunanaeinuiin ilalagms
w W Y a =3 a’.d' @ o 4
vanuiinams adagnus wuiia uilugud 1aan
a oA Qs @ " o 0 @ = = =y
MIEIRERLsLEUITITaNa dv/dt uay didt Wldwasugydvuzadiasiin
=y — s d o [~ o - o 4 i
Youas MsadnanussaugUinAINan1EMIN LA auNaINUYeIA M v Nh ot
(% = csy Y » = T 9 Y o
waanuhazauil vdvamanunulszgnelusemda Tasdesoanuun lindsnvazanlu
= ° 9 g as =] =1 1 (=3 =
ANUWLENIEAININNT wasnunulszpauveImanunulszgmeluvemila ez
= = &t a 'd a = o B ar d’a’j 1
naanzaIasiusiugud lunmsesnuuuszesnuuuliinaanizaiadnus siuauiaus
&£ & aw 8 d aw 21 o o
AN T IUDINNATUDAAUNNA IINDAAVUIAVDIA KN
= = ) dy 9w o ' 1 a a =Y o v o L4
Tuanomwusianil lavaasanasieiuuadnsainsinsdugud laoyag
a Jd w o o o Vo a o = o =
USAT VUIA 1,000 Taa 60 1789 lasihruamiduniie N as auna 191105y
a o 1o el Y . Py o 1 o
Tsunsuneuiumes lamdwniisnhiivanzassue 19 lulaseus  dwideeynsuiu
Y o w - ¢ a o o o
rdeaInan N eveINIHaduSAIno U NDS
B [ a ] ¥ ] a a ar 0 1 a
YauanA1anNgUnIaiszn Naumase IuuyaisFesssuanuunane Inuuuade
a o da o o o ! - @ a2 o 2 4w )
PIAINFNUIAUUD  UBNDINAINHENNIALTUNAINU MRS usaI @YD
2 d' oo 1 o as =
wianwlasmnunge Tandaddasiainvesndewlasdmeinus s nssdusuwnms

Y L 3 o 9 Y s ﬁy a " a a 7a o ot
Aous AU asaduemwnidigudlomain Imfageqe uansifaaiadis sdusuiing

¥ "
= a A

Ya n:i“l. a I a a dy a a A o ' ' [ = a qy

Tviad lnAnanaudumsgadoad lmfa aan lmAafimdeidlugsmsdmasnuson A
= s e 4 3 as s DR o= dy = o Y ar ' ¥/

lfalszaning deestludguunu Hdnfeonhdasd lamda mhlddasidmvesndoulag

ANUDFIanal

oy ' & A o a (| a a a da W 4 =/
gunsaiondwmnianaosadawy luumasie IMuuvadageaiagnus saugud

s Mmindeudygiuniuaunn PwM  Ididluduanaduidygia modu

o o

3 o o

Vo d a @ e o o
IJi‘]ﬁlﬂmlﬂﬂ’ﬂu?ﬂﬂﬁﬂuﬁﬁﬂiﬂﬂﬂﬂuﬂﬂ'ﬁmﬂ‘i TﬂUUﬂ‘iﬂ‘HTﬁﬂTJSﬂTﬁH'Iﬂ‘.iﬁuﬁ‘v’ﬂ%’ﬂuﬂu‘uﬂﬂ



¥

S " 1 =Y c; 1 s -] YV o 3 »d. i
yoemsnniiouuradnie MuyuaIsFIsIsua uAMaIINMIINTZHaENT oAUz I mwa
' ' @» v , =
ArrtlangaminszualodugeaIaaIn lmia diuuemadnalidinninszuaeg ilusaiin
d’! a di. cf? 1] Y ) [ g s r‘!l o
MstfoudyyINnIUANYDINsRewN e Fedawaliinamsazauwasnuluationi
ALAUNINY
A . i o v e det - s = Lll
wemhmsnadounrasne Muuuaiadeaiasiussauguo sananadouiulla
a a a oa o 2o Vo = 4 aw a da
feonuuu 13 NAFNNIEAINFNUIINUFUIAWATUMITEATINUIVOINNA LA TAIZTIAYFN
o dar o [ 0 A 82 A w c::: Y =Y a. oo a d 1 ' A
usIRugUITuNAo IRt IIuDINnANAL 1) MINATANIZAIAFNUTIAUFUIDIIADILBI
Wusannndsnunazanludamiioni Fwmdsnunazamnlasiuamuasanvoansug
csl. 1 ar A:i o 4 q. 4 1 dyd q‘ o =1 as { u‘/’
@ arien Womszmuyunssuaa iU 1IN I Uz aunIY Ry
[ ;ﬂl o c; o a - o = =9 o"cs'. ar -4
wasnunazayluduntenimnmmuneni ldineannzadesiusidugud mnnans

a a J dw da o a dd o o s s oo
neaaou ‘lJ'SZﬁT‘TﬁﬂTWﬂlﬂﬁﬂ@ul'}f‘JilﬂﬂiWﬂﬁ?ﬂﬂﬂﬂﬂlﬁﬂﬁ?ﬂ%ﬂlﬁﬂﬂuﬂuﬂ lﬂﬂﬂﬁﬂﬂﬁﬂﬁ] e

= dd o o o Fd o aw
’GIQﬂG 84.56 Lﬂ@il”ﬂuﬂ M 600 ’Jﬁlﬂ(ﬁo Lﬂ@ﬁt“ﬂﬂﬁ%ﬂﬂﬂ?i%ﬂﬂﬂ)

%@1ﬁuﬂ!1ﬂ3!!ﬁz&]ﬂ1uﬂu1ﬂﬂ
dy n’: =1 (=] ; ) UL a a g 9
VINUHDNINITIUA %31';.‘]1.!m‘HTI!.’iJ"mH‘iWﬁlH%LHﬁQ‘NUVIT\ILLUUﬂﬂﬁ‘N REUUAWAI
=1 4 y:i ar ¥ ' = &: o ar = e @ csyu o
i]$C?Ifﬂﬂljﬁu§'l‘l«!ﬂ’J"Ill?JLﬂﬂ']ﬂthlﬁﬁQ‘l]']EJVLT‘]LLU‘}JET'JG]‘HQL;juﬁ'IﬂfQ NUAVGRVUHUUTUBDITNG
1 r - o) gt s A Y a = B @ d & A — 9
HIATUVDIAUHUIIUINASTUWAIINU LWBiHLﬂﬂﬂWﬁﬁ?WD"V}LLiﬁﬂuﬁuﬂ FaANLsnozaeg
o A =R ar 1 :ﬂyd v o oo =) @ 2 Y o @ oo i
ATHINININUY Iﬂﬂﬂ’&uﬂﬁ!'ﬂﬁ1ﬂ‘“ﬂ'ﬂﬂﬁijwu'ﬁﬂUﬂNﬂmﬂﬁ’lﬁﬂi ﬁ]ﬂcl“lfﬂ’ﬂl!ﬂifwu‘ﬁﬂﬂﬂﬁ'l?

= = d o ' { o
LTUHIﬂiL&ﬂi'&JﬂBNW’JLﬂﬂS mmmwmmummﬁmu‘mmmxaﬂﬁ

¥
o '

4 =1 =) JC!I. o : 4
Tavideulunsesnuuy sxeanunnldifaannzmIaind nus duALSs AR 1Tl
g a e A g Yt - cs” a =Y a a cly a
voamszauing e lulasmsgadoan lafaumau 1y WIIEMIGFUAIR lmAaus
) o W 4 w . o ot -:!‘ =1 7 W o @
AuRsInUWasnuRasanluduniionit uaswasnunasaududsiuasatuiiaIaoIves
o ar = o =4 oA = a rfca. @ s a & &
Aszua I Rduautieni WIHUIUNBINATNIIZMIATAFNLI IAUAUIMAUAT I TIIVD9
g aw d 9 = ar o ¥
mszwunnatluau 1 azimsasaunasnuinnnunud s
«3 w < : W o ° a = =
AzHuLuITIWa Tueowaa nazeanuuulnaunitioni azaunasauifioanen
o Y a = o a d @ = 1T a dy
Wil liinagnIEmMsadasiuswugud tasasaunaInuvIIaREINem AL J98 ANy
<] a o ag Y ar @ { o [ 0 o .
WUNNA Taod IMmMsazauwanuvesdurioniwlsiuamusasaesveanszua Wi lva

¥ '
W Hunnetamsianmsesnuuua i nh Iflinaauiadinan



VTN

= a o @ 4 4
[1] Jsnga mdsalszavg uazdszmu Insgassan. 2541, “HanmseonuuUABUNDIIADS
w  da  d : a dd o o d a o a a
Wﬁﬁ?ﬂﬂl‘ﬁﬂmﬂﬁjﬂﬂiwuﬁQﬂuf‘mﬂiﬂﬂﬂﬁﬁu3ﬂﬂ." ﬂTﬁﬂﬁﬁ'ﬁgu')‘lﬂﬂ]i‘ﬂ'ﬂ’Jﬂ’aﬂiﬁ‘N
Inlvh asan 21 : 449-452.
[2] qiani Au. 2537, MATIANEZNISEBNIVD EIATAMIIBITNNAW WUNATIN 2 Njamn:
wumalno.
(3] ewysal Ay uazauia 5odszdnido. imeswlviuuaings ngunn: Aand
o o
LFUINDT.
[4] J.A. Sabate, V Vlatkovic, R.B. Ridly, F.C. lee and B.H. Cho. 1990. “Design considerations
for high voltage high power full-bridge zero-voltage-switched PWM converter.” IEEE
APEC : 275-284.
[5] G.C. Hsieh, J.C. Li, M.H. Liaw, J.P. Wang and T.F. Hung. 1993. “ A study on full-bridge
zero-voltage-switched PWM converter: Design and Experimentation.” IEEE : 281-1285.
[6] W. Chen, F.C. Lee, M.M. Jovanovic and J.A. Sabate. 1995. “A comparative study of a class
of full-bridge zero-voltage-switched PWM converter.” IEEE : 893-899.
[7] Abraham I. Pressman. 1991. Switching Power Supply Design. Singapore : McGraw-Hill.
[8] George C. Chrysis. 1989. High Freqﬁency Switching Power Supplies Theory and

Design. Second Edition Singapore : McGraw-Hill.

[9] Marty Brown. 1994. Power Supply Cookbook. USA : Butterworth-Heinemann.



hY

MANHIN N

Tsunsumsinnasingamsnzan

HAZHANIIATHIN



90

TsunsumsmamgamInzanaInynus UL

t#include <stdio.h>
#include <math.h>
#include <conio.h>

#define MAX 10

main()

{inti;
double Lo,Nn,No,Vo,Vi,dV,De,Po,lo,dl f,DD Ic,Lr,I2,]11,Cm,Ct,dD;
FILE *fp;

fp = fopen("c:\\prakit\\bc\\datal.dat", "w+");

Vo=60,Vi=300,dV=20,Po=1000,f=100000,Cm=480,Ct=100,DD=.8:
No=Vi/(2*Vo);

lo=Po/Vo;

dI=lo/4;

clrser();

printf("\nZVS  Vo=%.0fV ,Vi=%.0fV .dV=%.0fV ,Po=%.0fW ,=%.0fkHz .Cm=%.0fpF |
Ct=%.0fpF .DD=%.2f\n",Vo,Vi,dV Po,f/1000,Cm,Ct.DD);

printf("Nold \tDeff tLo(uH) \tlcrit MLr(uH) W2 \tI1 \tdD \tNnew\n"):

fprintf(fp,"\nZVS  Vo=%.0fV .Vi=%.0fV .dV=%.0fV Po=%.0ftW .f=%.0fkHz .Cm=%.0fpF
,Ct=%.0fpF ,DD=%.2f\n" Vo,Vi,dV Po.f/1000,Cm,Ct,DD);

tprintf(fp,"Nold \tDeff \tLo(uH) \tlerit tLr(uH) \tI2 \tI1 tdD \tNnew\n"):

for (1=0; 1I<MAX ; ++i)
{  De=Vo*No/(Vi-dV);
Lo=Vo*(1-De)/2/dl/f*1000000;
Ie=(.5*Io+dl/2-(1-DD)/2*Vo/Lo/t* 1000000)/No;
Lr=8*Cm*(Vi-dV)*(Vi-dV)/3000000/Ic/Ic+Ct*(Vi-dV)*(Vi-dV )/Ic/1c/1000000;

12=(To+d1/2-(1-DD)/2*Vo/Lo/f*1000000)/No;
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11=(lo-dl/2)/No:;
dD=(11+12)*Lr*2*t/(Vi-dV)/1000000;
Nn=(Vi-dV)/Vo*(DD-dD);

printf("%.4 0% 4 0%, 30%. 3 0\%. 30\%. 3 1\t%. 3f\t%.4 f\t%\n" No,De,Lo,le,Lr,12,11,dD Nn);
fprintflfp,"%.40\t%. 41\t%.30\t%.31\t%. 30\t%. 3t\t%. 3 f\t%. 4\t % \n"
No,De,Lo,Ic,Lr,12,I1,dD,Nn);
No=(No+Nn)/2;

printf(" N = %f\n",No);
fprintf(fp,” N =%f\n",No);
De=Vo*No/(Vi+dV);
Lo=Vo*(1-De)/2/dl/f*1000000;
printf("at Vi(max) No=%,.4f Deff=%.4f Lo=%f\n" No,De,Lo);
fprintf(fp,"at Vi(max) No=%.4f Deff=%.4f Lo=%f\n",No,De.Lo);
De=Vo*No/(V1);
Lo=Vo*(1-De)/2/dl/f*1000000;
printf{"at Vi(mea) No=%.4f Deff=%.4f Lo=%f\n",No,De,Lo);
fprintf{fp,"at Vi{mea) No=%.4f Deff=%.4f Lo=%f\n",No,De,Lo);
De=Vo*No/(Vi-dV);
Lo=Vo*(1-De)/2/d1/f*1000000;
printf("at Vi(min) No=%.4f Deff=%.4f Lo=%f\n" ,No,De,Lo);
fprintf(fp,"at Vi(min) No=%.4f Deff=%.4f Lo=%f\n" ,No,De,Lo);

getch();

Lo=32;
printf(" Lo = %1f\n",Lo);

fprintfifp,” Lo = %f\n",Lo);

De=Vo*No/(Vi);

dI=Vo*(1-De)/2/Lo/f*1000000;



printf("Ierit\t Lr(uH)\ dD\t DD\n" Ic,Lr,dD,DD);
fprintf(fp,"Ierit\t Lr(uH)\t dD\t DD'\n" I¢,Lr,dD,DD);

for (1=0; i<MAX ; ++1)

[
L

[c=(.5*lo+dl/2-(1-DD)/2*Vo/Lo/f*1000000)/No;
Lr=8*Cm*(Vi)*(V1)/3000000/I¢/Ic+Ct*(Vi)*(Vi)/1c/Ic/1000000;
[1=(Io-dI/2)/No;

[2=(Io+dl/2-(1-DD)/2*Vo/Lo/f*1000000)/No;
dD=(11+12)*Lr*2*f/Vi/1000000;

Nn=De+dD;

printf("%.3ft%.31\t%.3f\t%.3f\t\n" Ic,Lr,dD,Nn);

fprintf(fp,"%.30\%.3\t%. 30\t%.3f\t\n" .Ic,Lr,dD,Nn);

DD=(DD+Nn)/2;

|
y

getch():

Lr=19;

printf(" Lr = %f\n",Lr);
tprintfifp.” Lr= %f\n",Lr);
De=Vo*No/(Vi+dV);
dI=Vo*(1-De)/2/Lo/t*1000000;
for (1=0: I<KMAX ; ++i)

)
L

[1=(Io-dl/2)/No;
[2=(lo+dl/2-(1-DD)/2*Vo/Lo/f*1000000)/No;
dD=(I1+I2)*Lr*2*f/(Vi+dV)/1000000;
Nn=De+dD;

DD=(DD+Nn)/2;

1

]
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printf("at Vi(max) No=%.4f Deft=%.4f Lo=%.4f DD=%.4f\n" No,De,Lo,DD);
fprintf(fp."at Vilmax) No=%.4f Deft=%.4f Lo=%.4f DD=%.41\n" No,De,Lo,DD);
De=Vo*No/(Vi);
dI=Vo*(1-De)/2/Lo/*1000000;
for (i=0; iI<MAX ; ++i)
i
11=(lo-dl/2)/No:
12=(lo+dl/2-(1-DD)/2*Vo/Lo/f*1000000)/No;
dD=(11+I2)*Lr*2*/Vi/1000000;
Nn=De+dD;
DD=(DD+Nn)/2;

1
S

printf("at Vi{mea) No=%.4f Deff=%.4f Lo=%.4f DD=%.4f\n" ,No,De,Lo,DD);
fprintf(fp,"at Vi(imea) No=%.4f Deff=%.4f Lo=%.4f DD=%.4f\n" ,No,De.Lo,DD);

De=Vo*No/(Vi-dV);
dI=Vo*(1-De)/2/Lo/f*1000000;
for (1=0; i<MAX ; ++i)

{

[1=(Io-dI/2)/No;

12=(Io+dl/2-(1-DD)/2*Vo/Lo/f*1000000)/No;

dD=(I11+I2)*Lr*2*f/(Vi-dV)/1000000;

Nn=De+dD;

DD=(DD+Nn)/2;

}

printf("at Vi(min) No=%.4f Deff=%.4f Lo=%.4f DD=%.4t\n" No.De,Lo.DD);

fprintf(fp,”at Vi(min) No=%.4f Deff=%.4f Lo=%.4f DD=%.4f\n" .No.De.Lo,DD):

getch();

}
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ZVS Vo=60V Vi=300V dV=20V Po=1000W [=100kHz ,Cm=480pF Ct=100pF DD=0.80

Nold

2.5000
29254
3.0844
3.1378
3.1545
3.1596
31611
3.1616
3.1617
3.1618

Deff

0.5357
0.6269
0.6609
0.6724
0.6760
0.6771
0.6774
0.6775
0.6775
0.6775

N = 3.000000

Lo(uH)

33.429
26.865
24412
23.589
23.331
23.252
23.228
23.22)
25 209

23.218

lerit

3.449
2.797
2.580
2.509
2.487
2.480
2478
2477
2477

2.477

Lr(uH)
9.097

13.826
16.249
17.185
17.494
17.589
17.618
17.627
17.629
17.630

12

6.782

3.646

5.129
5.118
5.114
5.113
5113

5113

at Vi(max) No=3.0000 Dett=0.5625 Lo=31.500000

at Vi(mea) No=3.00606 Deft=0.6000 Lo=28.800000

at Vi(min) No=3.0000 Deft=0.6429 Lo=25.714286

Lo = 32.000000

lerit

2.778
2.641
2.589
2.570

2,563

o
i

560

29 I (B8]
wn h o
wn w w
L= =] <

I~
wn

59

Lr(uH)

16.096
17.805
18.531
18.810
18.913
18.951
18.965
18.970
18.971

18.972

L= 19.000000

dD
0.113
0.123
0.127
0:129
0.130
0.130
0.130
0.130
0.130
0.130

DD
0.713
0.723
0.727
0.729
0.730
0.730
0.730
0.730
0.730
0.730

HANISATHIN

I

5.833
4.985
4.728
4.648
4.623
4616
4.613
4613
4612

4612

at Viimax) No=3.0000 Deft=0.5625 Lo=32.0000 DD=0.6827

at Vilmea) No=3.0000 Dett=0.6000 Lo=32.0000 DD=0.7300

at Vilmin) No=3.0000 Dett=0.6429 Lo=32.0000 DD=0.7844

dD

0.0820
0.1050
0.1162
0.1204
0.1219
0.1223
0.1224
0.1225
0.1225
0.1225

Nnew

3.350809
3.243370
3.191142
3.171237
3.164696
3.162674
3.162061
3.161876
3.161821
3.161804

94



HANHIN Y

d Al
vayaginsainly :
IRFP460
IRFD120
TL494

Y
uNUKRonlas EESS
A1319829721 (mm’)

LAUAUNTIONI —26



International
Rectifier

PD-9.512B

IRFP460

HEXFET® Power MOSFET

® Dynamic dv/dt

Repetitive Avalanche Rated
Isolated Central Mounting Hole

Rating

Ease of Paralleling .

®
L]
® Fast Switching
[ ]
®

Simple Drive Requirements

Description

Third Generation HEXFETs from International Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low

RDS(OH) = 0279
s ID = 20A

on-resistance and cost-effectiveness.

The TO-247 package is preferred for commercialHndustrial applications
where higher power levels preclude the use of TO-220 devices. The TO-247
is similar but superior to the earlier TO-218 package because of its isolated
mounting hole. It also provides greater creepage distance between pins to

meet the requirements of most safety specifications.

Absolute Maximum Ratings

TO-247AC

Parameter = Max. Units

lo @ Tec=25°C Continuous Drain Current, Vgs @ 10V [ 20
Ip @ Tc=100°C | Conlinuous Drain Current, Vgs @ 10V 13 A
lom Pulsed Drain Current @ 80
Pp @ Tc=25°C | Power Dissipation 280 w

Linear Derating Factor 2.2 W/eC
Ves Gate-to-Source Vollage +20 vV
Eas Single Pulse Avalanche Energy @ 960 mJ
lanr Avalanche Current @ 20 A
Ean Repetitive Avalanche Energy @ 28 mJ
dv/dt Peak Diode Recovery dv/dt @ 3.5 Vins
Ty Operating Junction and -55 to +150
Tsta Storage Temperature Range °C

Soldering Temperature, for 10 seconds 300 (1.6mm from case)

Mounting Torque, 6-32 or M3 screw 10 Ibfsin (1.1 Nem)
Thermal Resistance

Parameter Min. Typ. Max. Uniits

Rasc Junction-to-Case - — 0.45
Recs Case-to-Sink, Flat, Greased Surface — 0.24 — °C/W
Rasa Junction-to-Ambient — — 40
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IRFP460

Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
V(BRIDSS Drain-to-Source Breakdown Voltage 500 | — — V| Vas=0V, lp= 250uA
AV(er)pss/AT,| Breakdown Voltage Temp. Coeflicient — | 0.63 | — [V PC |Reference to 25°C, Ip= 1mA
Ros{on) Static Drain-to-Source On-Resistance —_ — | 027 | Q |Vgs=10V,Ip=12A ®
Vs Gate Threshold Voltage 2.0 —_ 4.0 V | Vos=Vas, lo= 250pA
Ois Forward Transconductance 13 — — S | Vos=50V, Ip=12A @
; == g 25 Vps=500V, Vgs=0V
lpss Drain-to-Source Leakage Current T — 250 HA Vos=400V, Vos=0V, T1=125°C
loss Gate-to-Source Forward Leakage — — | 100 AA Vgs=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qq Total Gate Charge — — | 210 lo=20A
Qgs Gate-to-Source Charge — | — | 29 | nC |Vps=400V
Qgq Gate-to-Drain ("Miller") Charge — — 110 Vas=10V See Fig. 6 and 13 @
tdton) Turn-On Delay Time — 18 — Vop=250V
£ Rise Time i — [ 59 | — © o [lb=20A
ta(ot) Tum-Off Delay Time — 110 | — Rg=4.3Q
] Fall Time — 58 — Rp=13Q See Figure 10 ®
Lo Internal Drain Inductance —==t" 50 Po— g ?nh:.,e&;‘ 2'2?: ’) E
nH | from packagre @
Ls Internal Source Inductance — 13 = ggdc%?:t\‘tairto ¥
« Ciss Input Capacitance — 4200 — Vgs=0V
Coss Output Capacitance — B70 | — pF | Vps= 25V
Crss Reverse Transfer Capacitance — 350 | — f=1.0MHz See Figure 5
Source-Drain Ratings and Characteristics
Parameter Min. | Typ. | Max. | Units Test Conditions
Is Continuous Source Current s i 20 MOSFET symbol o
(Body Diode) A showing the
st Pulsed Source Current P MR\ %8 integral reverse @ .
(Body Diode) ® p-n junction diode. is
Vso Diode Forward Voltage —— — 1.8 V | T=25°C, Is=20A, Vgs=0V @
ter Reverse Recovery Time — 570 | 860 ns | T;=25°C, lr=20A
Qy Reverse Recovery Charge — | 57 | 86 | nC |di/di=100A/us @
ton Forward Tum-On Time Intrinsic turn-on lime is neglegible (turn-on is dominated by Ls+Lp)
Notes:

@ Repetitive rating; pulse width limited by
max, junction temperature (See Figure 11)

@ Vpp=50V, starting Ty=25°C, L=4.3mH
RG=25Q, Ias=20A (See Figure 12)

@ Isp<20A, di/dts160A/s, VopsV(eR)oss,

Tus150°C

@ Pulse width < 300 ps; duty cycle <2%.
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Fig 3. Typical Transfer Characteristics Fig 4. Normalized On-Resistance
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10000

Vs = OV, f = 1MHz
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Ip, Drain Current (Amps)

IRFP460

Vos AN
D.UT.
20 :
Voo
6 o sov
\ Pulse Width < Tus
\ Duty Factor £ 0.1%
i N =
X Fig 10a. Switching Time Test Circuit
AN
8 AN Vps
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\ ) *
4 | |
| | |
£ | I I a2
10% + t < Ld
0 f f t
25 50 75 100 125 150 Vas —ﬂ .i S5
Te, Case Temperature (°C) on) b taiot) M
Fig 9. Maximum Drain Current Vs. Fig 10b. Switching Time Waveforms
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t1, Rectangular Pulse Duration (seconds)
Fig 11. Maximum Effective Transient Thermal Impedance, Junction-to-Case
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Fig 12a. Unclamped Inductive Test Circuit 2
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S —o Bl o Fig 12c. Maximum Avalanche Energy

Fig 12b. Unclamped Inductive Waveforms Weotah Cyrrery
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Fig 13a. Basic Gate Charge Waveform Fig 13b. Gate Charge Test Circuit

Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1511

Appendix C: Part Marking Information — See page 1517 Intemational
Rectifier
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PD-9.385H

International
IRFD120

Rectifier

HEXFET® Power MOSFET

® Dynamic dv/dt Rating
® Repetitive Avalanche Rated D _
e For Automatic Insertion Vpss = 100V
® End Stackable :
¢ 175°C Operating Temperature & RDS(on) =0.27Q
® Fast Switching
® Ease of Paralleling g |D =1.3A
Description
Third Generation HEXFETSs from Intemational Rectifier provide the designer
with the best combination of fast switching, ruggedized device design, low
on-resistance and cost-effectiveness.
[7]
The 4-pin DIP package is a low cost machine-insertable case style which can E o
be stacked in multiple combinations on standard 0.1 inch pin centers. The dual S5
drain serves as a thermal link to the mounting surface for power dissipation
'evels up to 1 watt.
HD-1
Absolute Maximum Ratings
Parameter Max. Units
Ip@ Tc=25°C | Continuous Drain Current, Vas @ 10 V 1.3
lp @ Tc=100°C | Continuous Drain Current, Vas @ 10 V 0.94 A
lowm Pulsed Drain Current © 10
Po @ Tc = 25°C | Power Dissipation 1.3 w
Linear Derating Factor 0.0083 WrC
Vas Gate-to-Source Voltage +20 v
Eas Single Pulse Avalanche Energy @ 100 mJ
lan Avalanche Current © 1.3 A
Ean Repetitive Avalanche Energy @ 0.13 mJ
dv/dt Peak Diode Recovery dv/dt @ 5.5 Vins
Ty Operating Junction and -55 10 +175
Tsta Storage Temperature Range °C
Soldering Temperature, for 10 seconds 300 (1.6mm from case)
Thermal Resistance
Parameter Min. Typ. Max. | Units
Raua Junction-to-Ambient - — 120 | cw
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Electrical Characteristics @ Ty = 25°C (unless otherwise specified)

Parameter Min. | Typ. | Max. | Units Test Conditions
Vierjpss Drain-to-Source Breakdown Voltage 100 | — — V | Vas=0V, lp= 250pA
AV(erjpss/AT,| Breakdown Voltage Temp. Coefficient — | 0,13 | — | V/°C | Reference to 25°C, lp= 1mA
Rosion) Static Drain-to-Source On-Resistance — — | 027 | Q |Vgs=10V, Ip=0.78A @
Vasqh) Gate Threshold Voitage 20 | — | 40 V | Vps=Vgs, lo= 250pA
ai Forward Transconductance 080 — | — | S |Vos=50V, Ip=0.78A @
; — — | 25 Vps=100V, Vas=0V
loss Drain-to-Source Leakage Current -+ T 2%0 HA Vos=80Y, Vos=0V, T,~150°C
s Gate-to-Source Forward Leakage — | — | 100 - Vas=20V
Gate-to-Source Reverse Leakage — — | -100 Vas=-20V
Qg Total Gate Charge - - 16 Ip=9.2A
Qqs Gate-to-Source Charge — | — { 44 | nC |Vpg=8B0OV
Qg Gate-to-Drain (*Miller*) Charge —_ =L T Ves=10V See Fig. 6 and 13 @
tofon) Tum-On Delay Time 20 [\e8 | — Vpo=50V
tr Rise Time — 27 — e 10=9.2A
Loty Tum-Off Delay Time - 18 | — Re=18Q
] Fall Time — 17 — Rp=5.2Q See Figure 10@
Lo Intemal Drain inductance — | 40 | — gmon _2‘;?:) :
w ot ()
Ls Internal Source Inductance — 6.0 — &b conthet r
[Cis Input Capacitance =060 |\ Vas=0V
Coss Output Capacitance — | 150 | — | PF [Vps=25V
Crss Reverse Transfer Capacilance — 34 — f=1.0MHz See Figure 5

Source-Drain Ratings and Characteristics

Parameter Min. | Typ. | Max. | Units Test Conditions
Is Conlinuous Source Current O 1 MOSFET symbol o
(Body Diode) i A showing the
Ism Pulsed Souroa Current . " 10 imegral reverse ¢
mgbde) [0} p-n junction diode. s
Vsp Diode Forward Voltage — | — [ 25 | V |T=25°,ls=1.3A, Vas=0V @
e Reverse Recovery Time — | 130 | 260 | ns [T,=25°C, lr=9.2A
Qn Reverse Recovery Charge — | 065 | 1.3 | uC |di/di=100A/ps @
ton Forward Tum-On Time Intrinsic turn-on lime Is neglegible (turn-on is dominated by Ls+Lp)
Notes:
@ Repetitive rating; pulse width limited by @ Isps9.2A, difdt<110A/s, Vop<V(Brjoss.
max. junction temperature (See Figure 11) TIS175°C
@ Vpo=25V, starting T=25°C, L=22mH @ Pulse width < 300 ps; duty cycle $2%.

Rg=250, Ias=2.6A (See Figure 12)
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Ip, Drain Current (Amps)

Ip, Drain Current (Amps)
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Appendix A: Figure 14, Peak Diode Recovery dv/dt Test Circuit — See page 1505
Appendix B: Package Outline Mechanical Drawing — See page 1307

Appendix C: Part Marking Information — See page 1515
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@ MOTOFIOLA

SWITCHMODE™ Pulse Width
Modulation Control Circuit

The TL494 is a fixed frequency, pulse width modulation control circuit
designed primarily for SWITCHMODE power supply control.

Complete Pulse Width Modulation Control Circuitry

® On—Chip Oscillator with Master or Slaye Operation

¢ On-Chip Error Amplifiers

On—Chip 5.0 V Reference

Adjustable Deadtime Control

*® Uncommitted Output Transistors Rated to 500 mA Source or Sink
Output Control for Push—Pull or Single-Ended Operation
Undervoltage Lockout

Order this document by TL494/D

_7

TL494

SWITCHMODE
PULSE WIDTH MODULATION
CONTROL CIRCUIT

SEMICONDUCTOR
TECHNICAL DATA
PLASTIC PACKAGE

. % CASE 751B

L (SO-16)

[

D SUFFIX

N SUFFIX
% PLASTIC PACKAGE
CASE 648

PIN CONNECTIONS

.

———
i -y
MAXIMUM RATINGS (Full operating ambient temperalure range applies, - B, it
unless otherwise noted.) h; E v, EI E;m
Ratin, Symbol | TL494C | TL494] | Unit Compen/PWN
Power Supply Vol ; :' 4lz v S 7 e
ower Supply Voltage CC Deadtime Output
Contrs 4] 13] ot
Collector Output Voltage Ve, 42 v
Ve cr[3] 2] vee
Collector Output Current g1, Ic2 500 mA Ar (8] 11] cz
(Each transistor) (Note 1) LE{
- Ground [7 | l10] E2
Amplifier Input Voltage Range ViR 0.3 10 +42 v o
Power Dissipation @ Ty, < 45°C Pp 1000 mw o E E 2
Thermal Resistance, Rgya 80 °C/w
Junction—to-Ambient P
Operating Junction Temperature Ty 125 °C
Storage Temperature Range Tstg =55 10 +125 °C ORDERING INFORMATION
Operating Ambient Temperature Range Ta °C Operating
TL494C 0to +70 Device Temperature Range Package
TL494l -2510 +85
TL494CD Ta = 0° G470°C S50-16
Ambi ® = 0 +70°
Derating Ambient Temperature Ta 45 C TL494CN A Plastic
NOTE: 1. Maximum thermal limits must be observed.
TL494IN | Ta = - 25° lo +85°C Plastic
© Motorola, Inc. 1996 Rev1
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TL494
RECOMMENDED CPERATING CONDITIONS

Characteristics Symbol Min Typ Max Unit
Power Supply Vollage vee 7.0 15 40 v
Collector Output Voltage Veci1. Vo2 - 30 40 v
Collector Output Current (Each transistor) Ici.lc2 - = 200 mA
Amplified Input Voltage Vin -0:3 - Ve -20 v
Current Into Feedback Terminal o - = 0.3 mA
Reference Output Current Iref - - 10 mA
Timing Resistor RT 1.8 30 500 kQ
Timing Capacitor Crt 0.0047 0.001 10 uF
Oscillator Frequency fosc 1.0 40 200 kHz

ELECTRICAL CHARACTERISTICS (VoG = 15 V. C1 = 0.01 pF, Ry = 12 k&2, unless otherwise noted.)
For typical values T =25°C, for min/max values T is the operaling ambient temperature range thal applies, unless otherwise noted.

Characteristics i Symbol I Min I Typ ] Max ] Unit |
REFERENCE SECTION

Relerence Voltage (g = 1.0 mA) Vref 475 5.0 525 v

Line Regulation (Voo =7.0 Vto 40 V) Regjine - 20 25 mv

Load Regulation (Ig = 1.0 mA to 10 mA) Regigad = 30 15 mv

Short Circuit Output Current (Vref = 0 V) Isc 15 35 75 mA

OUTPUT SECTION

Collector Off-State Current Ic(off) - 2.0 100 pA
(Vcc=40V.VCcg=40V)

Emitter Off-State Current IE(off) = - -100 pA
VoG =40V, Vg =40V, VE=0V)

Collector-Emitter Saturation Voltage (Note 2) v
Common-Emitter (VE =0 V, I = 200 mA) Vsal(C) E 1:3
Emitter-Follower (Vg = 15 V, Ig = 200 mA) Vsat(g) - 25

Output Control Pin Current
Low State (VoG £0.4 V) locL - 10 - pA
High State (VoG = Vref) locH - 0.2 35 mA

Oulput Voltage Rise Time [N ns
Common—Emitter (See Figure 12) - 100 200
Emitter—Follower (See Figure 13) = 100 200

Output Voltage Fall Time It ns
Common—Emitter (See Figure 12) - 25 100
Emitter—Follower (See Figure 13) - 40 100

NOTE: 2. Low duty cycle pulse techniques are used during test to maintain junction temperature as close to ambient temperature as possible.

MOTOROLA ANALOG IC DEVICE DATA
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TL494
ELECTRICAL CHARACTERISTICS (Vo = 15 V, C1 = 0.01 uF, R = 12 k02, unless otherwise noted.)

For typical values Tp = 25°C, for min/max values T is the operating ambient temperature range that applies, unless otherwise noted,

[_ Characteristics I Symbol Mn | Typ [ max [ um
ERROR AMPLIFIER SECTION
Input Offset Voitage (VO (Pin3) =25 V) _ Vio = 20 10 mv
Input Offset Current (VQ (pin 3) =2.5 V) o - 5.0 250 nA
Input Bias Current (VQ (Pin 3)=25V) lig - =01 -1.0 A
Input Common Mode Voltage Range (Voc = 40 V, Ta = 25°C) VICR -0.3toVge-2.0 v
Open Loop Vollage Gain (AVp=3.0V, Vg =05V 1035V, R =2.0 k) AyoL 70 95 - dB
Unity—Gain Crossover Frequency (Vo =0.5V 1035V, R = 2.0kQ) fo- - 350 - kHz
Phase Margin at Unity-Gain (Vg =0.5 V1035V, Rl =2.0kQ) m - 65 - deg.
Common Mode Rejection Ratio (VGG = 40 V) CMRR 65 90 - d8
Power Supply Rejection Ratio (AVec =33V, Vg =25V, R =2.0 k) PSAR - 100 - dB8
Oulput Sink Current (VO (pin 3)=0.7V) lo- 0.3 0.7 =X mA
Output Scurce Current (VO (pin 3) = 3.5 V) Io+ 20 -4.0 - mA
PWM COMPARATOR SECTION (Test Circuit Figure 11)
Input Threshold Voltage (Zero Duty Cycle) VTH 3 25 4.5 v
Input Sink Current (V(Pin 3) = 0.7 V) I 0.3 0.7 = mA
DEADTIME CONTROL SECTION (Test Circuit Figure 11)
Input Bias Current (Pin 4) (Vpjn 4 =0 V 10 5.25 V) B (DT) - =20 -10 pA
Maximum Duty Cycle, Each Output, Push—Pull Mode DCmax %
(VPin4=0V, C1=0.01 uF, Ry = 12 k{}) 45 48 50
(VPin 4 =0V, C1 = 0.001 uF, Ry = 30 k) > 45 50
Input Threshold Voltage (Pin 4) Vih v
(Zero Duty Cycle) - 2.8 3.3
{Maximum Duty Cycle) 0 - -
OSCILLATOR SECTION
Frequency (CT =0.001 uF, Ry = 30 kQ2) fose - 40 ~ kHz
Standard Deviation of Frequency* (C1 = 0.001 uF, Rt = 30 k) ofase - 30 - %
Frequency Change with Voltage (VGG =7.0 V 10 40 V, T = 25°C) Algse (AV) - 0.1 4 %
Frequency Change with Temperature (ATa = Tjow 0 Thigh) Algse (AT) - - 12 %
(Ct =0.01 uF, RT =12 kQ)
UNDERVOLTAGE LOCKOUT SECTION
Il.um—On Threshold (Vg increasing, lref = 1.0 mA) Vih 55 6.43 7.0 I V_I
TOTAL DEVICE
Standby Supply Current (Pin 6 at Vyef, All other inputs and outputs open) Icc mA
(Vec=15V) - 55 10
(Vcc=40V) - 7.0 15
Average Supply Current mA
(CT=0.01 uF, Ry = 12 kQy, V(Pin 4) =2.0V) - 7.0 -
(Vce = 15 V) (See Figure 12)
¥ (X - X)2
* Standard deviation is a measure of the statistical distribution aboul the mean as derived Irom the formula, o n=1
N-1
MOTOROLA ANALOG IC DEVICE DATA 3
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Figure 1. Representative Block Diagram
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TL494
APPLICATIONS INFORMATION

Description

The TL494 is a fixed—frequency pulse width modulation
control circuit, incorporating the primary building blocks
required for the control of a switching power supply. (See
Figure 1.) An internal-linear sawtooth oscillator is frequency—
programmable by two external components, Rt and CT. The
approximate oscillator frequency is determined by:

fose = —1-1_
Rre«Ct

For more information refer to Figure 3.

Output pulse width modulation is accomplished by
comparison of the positive sawtooth waveform across
capacitor C 1o either of two control signals. The NOR gates,
which drive outpul transistors Q1 and Q2, are enabled only
when the flip-flop clock—input line is in its low state. This
happens only during that portion of time when the sawtooth
voltage is greater than the control signals. Therefore, an
increase in control-signal amplitude causes a corresponding
linear decrease of output pulse width. (Refer to the Timing
Diagram shown in Figure 2.)

The control signals are external inputs that can be fed into
the deadtime control, the error amplifier inputs, or the
feedback input. The deadtime control comparator has an
effective 120 mV input offset which limits the minimum output
deadtime to approximately the first 4% of the sawtooth—cycle
time. This would result in a maximum duty cycle on a given
output of 96% with the output control grounded, and 48% with
it connected 1o the reference line. Additional deadtime may
be imposed on the output by setting the deadtime—control
inpul to a fixed voltage, ranging between 0 Vto 3.3 V.

Functional Table

| Input/Output ) fout
Output Funct —_—=
Controls Pt Function fosc =
Grounded | Single—ended PWM @ Q1 and Q2 1.0
@ Vit Push-pull Operation 0.5

The pulse width modulator comparator provides a means
for the error amplifiers to adjust the output pulse width from
the maximum percent on-time, established by the deadtime
control input, down to zero, as the voltage at the feedback pin
varies from 0.5 V to 3.5 V. Both error amplifiers have a
common mode input range from 0.3 V to (Vg — 2V), and

may be used to sense power-supply output voltage and
current. The error-amplifier outputs are active high and are
ORed together at the noninverting input of the pulse-width
modulator comparator, With this configuration, the amplifier
that demands minimum output on time, dominates control of
the loop.

When capacitor CT is discharged, a positive pulse is
generated on the output of the deadtime comparator, which
clocks the pulse-steering flip—flop and inhibits the output
transistors, Q1 and Q2. With the output—control connected to
the reference line, the pulse-steering flip—flop directs the
modulated pulses to each of the two output transistors
alternately for push—pull operation. The output frequency is
equal to half that of the oscillator. Output drive can also be
taken from Q1 or Q2, when single—ended operation with a
maximum on-time of less than 50% is required. This is
desirable when the output transformer has a ringback
winding with a catch diode used for snubbing. When higher
output-drive currents are required for single—ended
operation, Q1 and Q2 may be connected in parallel, and the
outpul-mode pin must be tied to ground to disable the
flip—flop. The output frequency will now be equal to that of the
oscillator.

The TL494 has an intemal 5.0 V reference capable of
sourcing up to 10 mA of load current for external bias circuits.
The reference has an internal accuracy of +5.0% with a
typical thermal drift of less than 50 mV over an operating
temperature range of 0° to 70°C.

Figure 3. Oscillator Frequency versus
Timing Resistance
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Figure 4. Open Loop Voltage Gain and
Phase versus Frequency

120 |
B 110 e
=z Vec=15V__]| &
51;]—--\ AVg=30V | . §
w e RL =20k &
2 w0 209
= N AvoL a
R ™ 40 w
>
a 60 60 ¥
N T
3 %0 N e LX
=z 40 S 10083
& ~ 2
S ¥ ST 12035
22 AN 140
Zw \\ 160
0 180
1.0 10 100 10k 10k 100k 10M
I, FREQUENCY (Hz)
Figure 6. Percent Duty Cycle versus
_ Deadtime Control Voltage
&
£” =G
5 "Q 1 At
T a0 \ L Veg= 15V y
< 2 R Voc = Viel
ul N 1. Cr=001pF
o) N Ar=10k0 |
5 2. C1=0.001pF
ud Rr=30k2
52 N
a2 N
= N
§ 10 \\
& N
o
S0
® 0 1.0 20 30 35
VpT. DEADTIME CONTROL VOLTAGE (IV)
Figure 8. Common-Emitter Configuration
Output Saturation Voltage versus
Collector Current
20
s
o8
2
= 16
S
z 14 L
§ 12 A/
i —
g ' - /
Fo08 i -
v
206
04
0 100 200 300 400

I, COLLECTOR CURRENT (mA)

VCE(sat)» SATURATION VOLTAGE (V) % DT, PERCENT DEADTIME (EACH OUTPUT)

Ice. SUPPLY CURRENT (ma)

Figure 5. Percent Deadtime versus

Oscillator Frequency

20
18
' C: F
T =0.001
14
12 //
10 ]
e
8.0 =
60 =
40 0.001 uF
20
0
500k 1.0k 10k 100k 500 k
losc: OSCILLATOR FREQUENCY (Hz)
Figure 7. Emitter-Follower Configuration
Output Saturation Voltage versus
Emitter Current
19
1.8
17
16 =
L—1
15 e
[t
14 {
1.3
12
11
0 100 200 300 400
Ig, EMITTER CURRENT (mA)
Figure 9. Standby Supply Current
versus Supply Voltage
10
9.0
8.0
70 Ir
6.0
50
40 f
30 7 ‘
20 /
1.0
0
o s0 10 15 20 25 30 35 40

Ve, SUPPLY VOLTAGE (V)

MOTOROLA ANALOG IC DEVICE DATA

113



Figure 10. Error-Amplifier Characteristics
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Figure 11. Deadtime and Feedback Control Circuit
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Test Circuit and Waveform

MOTOROLA ANALOG IC DEVICE DATA

114



TL494

Figure 14. Error-Amplifier Sensing Techniques
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Figure 18. Slaving Two or More Control Circuits Figure 19. Operation with Vi, > 40 V Using
External Zener
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- Figure 20. Pulse Width Modulated Push-Pull Converter
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Test Conditions Results
Line Regulation Vin=10V 1040V 14mV 0.28% ’T“; :s:ﬂz:ﬂz;‘g 8 G
Load Regulation Vin=28V,Ip=1.0mA101.0A | 3.0mV 0.06% Secondary: 120T C.T #36 AWG

Core: Ferroxcube 1408P-L00-3CB

Output Ripple

Vin=28V,Ig=1.0A

65mVpp PAR.D.

Short Circuit Current

Vin=28V,R . =0.10Q

1.6A

Efficiency

Vin=28V,Ig=1.0A

1%
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Figure 21, Pulse Width Modulated Step-Down Converter
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Test Conditions Results
Line Regulation Vin=8.0V 1040V 30mV 0.01%
Load Regulation Vin=12.6V, Ig = 0.2 mA to 200 mA 50mV  0.02%
Output Ripple Vin = 12,6 V, Ig = 200 mA 40mVpp PARD.
Short Circuit Current Vin=126V,RL=0.10 250 mA
Efficiency Vin= 12,6 V, g = 200 mA 72%
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OUTLINE DIMENSIONS
N SUFFIX
PLASTIC PACKAGE NOTES:
' Cﬁgggg;m 1. DIMENSIONING AND TOLERANCING PER ANSI
YI5M, 1982
INiaBalalalnlalil 2 CONTROLLING DIMENSION. INCH
16 o] ¥ 3. DAMENSION L TO CENTER OF LEADS WHEN
>O 8 . DMENSION 8 DOES NOT ILUDE MOLD FLASH
) o 1 FOUNDED CORNERS OPTIONAL
LI LTI LI CITIT] CHES MILLIMETERS
__I F om [ W] WAX | wiN [ wax
rc L Alo7eo Jorro| 1880 | 1955
B | 020 | 0270 | 635 | 685
rS C | 0145 [ 0175 | 369 | 444
L | Ll
SEATING
! [=T-] Re ‘ o.lmﬁgJ— 254 B5C
e W | _oos08sc 127
H -K J—fe \’M J o008 0015 | 021 | o3
g X | ono [ 013 2&7 3%
D16 PL : 0%_1%___;,? 7.;4
T
ieB]o.zsw.mm@]rrA@] s 10020 [ 0040 | 051 ] 101
D SUFFIX
PLASTIC PACKAGE
CASE 751B-05
== SO-16
{=A= ( )
I A — B ISSUE J NOTES:
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i 7 ANSI Y14 5M, 1982.
_f 2. CONTAROLLING DIMENSION: MILUMETER
3 DIMENSIONS A ANO B DO NOT INCLUDE
B Par - . mm%mmmm
) J 4 [[@[ezen0@[e® ' PER SOE
5. DIMENSION D DOES NOT INCLUDE DAMBAR
H T ]II::H H H PROTAUSION. ALLOWABLE DAM3AR
- ) — — R - PROTRUSION SHALL BE 0.127 (0.00%) TOTAL
I EXCESS OF THE D DIMENSION AT
G MAXIMUM MATERIAL CONOITION
MILLMETERS | micHes
FL— {one| Wi | wax | wm | mMax
3 A | 980 | 1000 [ 0395 | 0393 ]
K } —-”-— Rlas’(f B 3![“ 400 | 015 | 0157
— ] 135 | 175 008 [0
B 1= == == = = I A S oo {Teaf o foon
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ETD

/1

CORE TYPE A, (cm?) A, (em?) V. (em") £, (mm)
ETD 34 0.971 1.220 7.64 78.6
ETD 39 1.250 1.740 11.50 92.2
ETD 44 1.740 2.130 18.00 103.0
ETD 49 2.110 2.710 24.20 114.0
CORE TYPE A (em’) A, (em?) V, (em’) ¢, (mm)
EE 20/20/5 0.31 0.35 1.34 43.0
EE 30/30/7 0.59 0.78 4.00 66.9
EE 42/42/15 1.82 1.78 17.6 97.0
EE 42/42/20 2.36 1.78 23.1 97.4
EE 42/54/20 2.36 2.40 28.8 122.0
LEE 42/66/20 2.36 3.40 34.5 143.0
J EL 55/55/21 3.54 2.50 43.7 123.0
EE 55/55/23 4.20 2.50 52.0 123.0
EE 65/66/27 5.32 392 78.2 147.0

CORE TYPE

A lem®) AL (em) V. (em) £, (mm)

El

vl E119 0.24 0.517 -
1 L2219 0.41 0.44
125719 0.43 0.819
E128/20 0.85 0.725
€1\30226 11 0.791
£l 35/29 1.21 1.36
El 40/35 1.48 1.08
_l N El 50/42 2.30 1.7
El 60744 2.48 2.94
.= sesufimihdaunaves Tse
A, = uwIanuRtasRuIRaIAtaIUaUTY
L = Sunesvasunmuadlse
€ = azuzmiadurandusinan lusmavias lse

puAsasunuvas [seuuy EE, El uas ETD

0.950
1.630
2.02
4.11
6.45
8.18
11.3
21.8
2.7

39.6
393
45.6
48.4
58.1
67.6
76.9
94.8
109.7
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\uad BUIRLAUEIU AUIREUEIU Fudntidn ATRTINATU PRIRC
AWG AULNA10 (d) guﬁnmuu‘ia L U 100°C invﬁqn
(B.&S.) 82UAUM (d,) (Ryc) (tin)
inch mm mm mm’ Q/m mm
44 0,00198 0,0503 0,06604 0,00199 11,180 0,071
43 0,00222 0,0564 0,07366 0,00250 8,899 0.079
42 0,00249 0,0633 0,08128 0,00314 7,073 0,087
41 0,00280 0,0711 0,09144 0,00397 5,594 0,098
40 0,00314 0,0798 0,104 0,00500 4,448 0,111
39 0,00353 0,0897 0,1143 0,00631 3,519 0,122
38 0,00397 0,1008 0,1295 0,00799 2,783 0,138
37 0,00445 0,1130 0,1448 0,01003 2,215 0,154
36 0,00500 0,1270 0,1626 0,0127 1,754 0,172
35 0,0056 0,1422 0,1778 0,0159 1,398 0,188
34 0,0063 0,1600 0,1981 0,0201 1,105 0,209
33 0,0071 0,1803 0,2235 0,0255 0,8700 0,236
¥ 0,0080 0,2032 0,2489 0,0324 0,6853 0,261
11 0,0089 0.2261 0,2743 0,0401 0,5537 0,287
30 0,0100 0,2540 0,3048 0,0507 0.4386 0319
29 00113 0,2870 0,3404 0,0647 0,3435 0,356
28 0.0126 0,3200 0,3759 0,0804 0,2762 0,393
27 0,0142 0,3607 0,419 0,1022 0,2175 0,438
26 0,0159 0,4039 0,4699 0,128 0.1735 0,491
25 0,0179 0,4547 0,5232 0,162 0,1369 0,547
24 0,0201 0,5105 0,5817 0,205 0,10860 0,608
23 0,0226 0,5740 0,6502 0,259 0,08586 0,679
22 0,0253 0,6426 0.7214 0,324 0,06852 0,754
21 0,0285 0,7239 0,8052 0,412 0,05399 0,841
20 0,0320 0.8128 0,8966 0.519 0,04283 0,937
19 0,0359 0,9119 1,003 0,653 0,03403 1,048
18 0,0403 1,024 1,118 0,823 0,02700 1,168
17 n 453 1,151 1,247 1,040 0,02137 1,303
16 0,0508 1,290 1,389 1,308 0,01699 1,452
15 0,0571 1,450 1,557 1,652 0,01345 1,627
14 0,0641 1,628 1,737 2,082 0,010670 1,815
13 0,0720 1,829 1,943 2,627 0,008460 2,030
E 0,0808 2,052 2,172 3,308 0.006717 2,270
11 0,0907 2,304 2,431 4,168 0,005331 2,540
10 0,1019 2,588 2,720 5,261 0,004224 2,842
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INTRODUCTION
GENERAL MATERIAL PROPERTIES
Material Reference Temp. Coef. Coef of Material Relative Color
Mix No. Permeability of Perm. Lin. Expan. Density * ~ Cost Code
(1o) (+ppm/°C) (+ppm/°C) (g/cm3)

-2 10 95 13 50 2.3 Red/Clear

-8 35 255 12 6.5 4.0 Yellow/Red

-18 55 385 12 6.6 2.8 Green/Red

-26 75 825 10 7.0 1.2 Yellow/White

-28 22 415 11 6.0 17 Gray/Green

-33 33 635 1B 6.3 1.6 Gray/Yellow

-40 60 950 10 6.9 1.0 Green/Yellow

-52 75 650 10 7.0 1.4 Green/Blue

Note: For information on mix No.'s1,3,4,6,7,10,12, 15,17, 42 and 0 see MICROMETAL
Catalog 3; Iron Powder Cores for RF Applications. J
[—_ CORE LOSS COMPARISON (mW/cm3) PERMEABILITY WITH DC BIAS

Material 60 Hz 1KHz 10KHz  50KHz  100KHz 500KHz Hoc = 50 Oersteds
Mix No. @5000G @1 500G  @500G @225G ‘@140G @50G % o Heffective

-2 - - - 29 23 15 100% 10.0

-8 150 70 47 41 33 14 91% 31.9

-18 168 80 53 43 36 26 74% 40.7

-26 42 56 65 90 88 124 51% 38.3

-28 88 93 117 165 170 175 9% 20.0

=33 90 90 105 160 © 145 155¢ o 84% 27.7

-40 39 49 78 112 Y5 155 62% 32.2

552 52 62 59 62 54 63 59% 44.3

MATERIAL APPLICATIONS

Material (Mix No.) —’
Typical Application -2 -8 <18 -26 -28 33 -40 -52
Light Dimmer Chokes X X
60 Hz Difierential-mode EMI Line Chokes X X X
DC Output Chokes: <50 KHz or fow EYN X X X X -
DC Output Chokes: >50 KHz or higher Et/N X X X X 2 r
Power Factor Correction Chokes: < 50 KHz X X X X '
Power Factor Correction Chokes: > 50 KHz X X X X
Resonant Inductors: = 50 KHz >
-2 Material The low permeability of this material will -28 Material The good linearity, low cost, andrelatively = :
result in a lower operating AC flux density than with  Jow permeability of this material make it popular in the
other materials with no additional gap-loss. larger sizes for high power UPS chokes.

-8 Material This material has low core loss and good  -33 Material An inexpensive alternate to the -8 Material
linearity under high bias conditions. A good high  for applications where high frequency core loss is not
frequency material. The highest cost material. critical. Good linearity with high bias.

-18 Material This material has low core loss similarto -40 Material The least expensive material. It has
the -8 Material with higher permeability and a lower characteristics quite similar to the very popular -26

cost. Good DC saturation characteristics. Material. Popular in the larger sizes.

-26 Material The most popular material. It is a cost- -52 Material This material has lower core loss at high
effective general purpose material that is useful in a frequencyandthesameperrneabilityaslhe-26Malerial.
wide variety of power conversion and line filter  Itis very popular for new high frequency choke designs.

applications,




| TOROIDAL CORES

- T141-52 69.0

COLOR CODE 1D TYPICAL PART NO.
-2 Red/Clear 4 % B
3 Vellowfed THoG -2 /R
-18 Green/Red
-26  Yellow/White _L 0D in 100th ind\cs__$ I
-28 Gray/Green Hi Micrometals Mix No.
-33 Gray/Yellow Letter Indicates Alternate Heigh
-40 Green/Yellow - Code Area For Other Characteristic:
-52 Green/Blue \ {
= oD ] Note: For information on Mix 1,3, 4, 6,7, 10,12, 15,17,
Refer to page 3 for tolerances. r 42, and 0 see Micrometals Catalog 3 for RF applications.
MAGNETIC DIMENSIONS
MICROMETALS AL oD ID Ht ? A v
Part No. nH/N? in/mm in/mm in/mm cm cm? cm?
T106-2 13.5 1.060/26.9 .570/14.5 437111 6.49 659 4.28
T106-8/90 45.0 3
T106-18 70.0
T106-26 93.0
T106-28 30.0
T106-33 40.0
T106-40 81.0
T106-52 95.0
T106-18A 49.0 1.060/26.9 .570/14.5 .312/7.92 6.49 .461 3.00
T106-26A 67.0
T106-40A 58.0
T106-52A 67.0
T106-188 91.0 -1 .060/26.9 .570/14.5 .575/14.6 6.49 .858 5.57
T106-26B 124.0
T106-40B 106.0
T106-528 - 124.0  _
T124-26 58.0 1.245/31.6 .710/18.0 .280/7.11 7.75 459 3.55
T130-2 11.0 1.300/33.0 .780/19.8 A437/111 8.28 .698 5.78
T130-8/90 35.0
T130-18 58.0
T130-26 81.0
T130-28 25.0
T130-33 335
T130-40 69.0
T130-52 79.0
T130-26A 41.0 1.300/33.0 .780/19.8 .225/5.72 8.28 361 2.99
T130-40A 34.0 1
T131-8/90 525 1.300/33.0 .640/16.3 437111 772 .885 6.84
~T131-18 79.0
T131-26 116.0
T131-33 46.5
T131-40 93.0
T131-52 108.0
T132-26 103.0 1.300/33.0 .700/17.8 437111 7.96 .805 - 6.41
T132-40 83.0
T132-52 95.0
T141-26 75.0 - 1.415/359 .880/22.4 41210.5 9.14 674 6.16
T141-40 60.0
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QUICK REFERENCE A, VALUES FOR -26 MATERIAL =
PARTNO.| T25 | 126 | T30 1 137 | 738 | T44 | 50 | 1508 | Teo 168 | 172 | T80 | 1808 | 194 [ T106 [T108A] 1130 | 131 Ti50 | T157
AVALUE | 245 1570 [ 335 285 | 490 | 37.0 | 330 | 935 | 500 ] 435 900 | 460 | 71.0 | 600 | 930 [ 67.0 | 810 | 116 | 960 | 100
| | | |
| PARTNO. | 175 i T84 !T_’DOBT 1250 | 7300 T300D| T400 |T400D E49 | £75 | E100 | E137 |*E162 | E168 E168A| E220 1 E305 [E305A [ £450
A VALUE | 105 | 169 | 160 | 242 | B0 | 160 | 131 | 262 380 1640 [ 920 [ 134 [ 210 | 195 | 237 | 28 | 287 | 382 | 530
I 30
NS, S=Ss
: % 340
1 : +
iy 1
AT a8
iy 150
5—60

—70
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